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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the damage of a 
manipulation needle and a specimen by automatically switching 
the coarse movement and fine movement of the manipulation 
needle. 

SOLUTION: The micromanipulator for fine manipulation of the 
specimen 15 by using the manipulation needle 14 under the 
visual field of a microscope has a manipulation section 10 
which acts as an input means for inputting the operation 
contents, such as moving direction, moving distance and 
moving speed, of the manipulation needle 14 and an operation 
command means for outputting an operation command signal 
according to the inputted operation contents, an actuator 1 2 
which converts the operation command signal outputted from 
the manipulation section 10 to the mechanical kinetic energy 
corresponding to the operation contents, a movable body 1 3 
which receives the kinetic energy from the actuator 12 and 
geometrically displaces the manipulation needle 14, a force 
detecting means 1 7 which detects the force acting on the 
manipulation needle 14 and a decision circuit 19 and variable 

gain amplifier 20 which control the moving speed of the manipulation needle 14 in accordance with the 
output of the force detecting means 1 7. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the micromanipulator which carries out detailed actuation of the specimen under the visual 
field of a microscope using an actuation needle The base material which supports said actuation needle, and 
an input means to input activity, such as the migration direction of said actuation needle, migration length, 
and passing speed, An operating-command means to output a command signal of operation according to 
the activity inputted from the input means, The actuator which changes into the mechanical kinetic energy 
corresponding to said activity the command signal of operation outputted from the operating-command 
means, The movable object to which the variation rate of said base material is geometrically carried out in 
response to the kinetic energy from an actuator, The micromanipulator characterized by having a force 
detection means to detect the force of it being attached in said base material and acting on said actuation 
needle, and a speed-control means to control the passing speed of said actuation needle based on an output 
for this force detection means. 

[Claim 2] Said speed-control means is a micromanipulator according to claim 1 characterized by having an 
integral means to give the acceleration judging of the passing speed of said actuation needle, and a 
differential means to give the moderation judging of the passing speed of said actuation needle. 
[Claim 3] In the micromanipulator which carries out detailed actuation of the specimen under the visual 
field of a microscope using an actuation needle The base material which supports said actuation needle, and 
an input means to input activity, such as the migration direction of said actuation needle, migration length, 
and passing speed, An operating-command means to output a command signal of operation according to 
the activity inputted from the input means, The actuator which changes into the mechanical kinetic energy 
corresponding to said activity the command signal of operation outputted from the operating-command 
means, The movable object to which the variation rate of said base material is geometrically carried out in 
response to the kinetic energy from an actuator, The jogging actuator which changes into mechanical 
kinetic energy smaller than said actuator the command signal of operation outputted from the operating- 
command means while corresponding to said activity, The jogging good dynamic body to which the 
jogging variation rate of said base material is geometrically carried out in response to the kinetic energy 
from a jogging actuator, A force detection means to detect the force of it being attached in said base 
material and acting on said actuation needle, The micromanipulator characterized by having a selection 
means to choose one of said actuators and jogging actuators based on the detection value from this force 
detection means, and to supply said command signal of operation. 

[Claim 4] Said selection means is a micromanipulator according to claim 3 characterized by having an 
integral means to give the selection judging of said actuator, and a differential means to give the selection 
judging of said jogging actuator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the micromanipulator which carries out detailed actuation 

of the specimen, such as a cell performed under an optical microscope. 

[0002] 

[Description of the Prior Art] The micromanipulator as a peripheral device of an optical microscope is used 
in order to carry out detailed actuation of the biological materials, such as a cell put on the bottom of the 
visual field of an optical microscope, from remoteness. As this micromanipulator, the activity of an 
actuation needle which contacts the specimen from an input means is directed, an operating-command 
means outputs the command signal of operation according to the activity inputted from this input means, 
and an actuator changes into mechanical kinetic energy based on this command signal of operation so that 
it may be indicated by JP,6-342121,A. And the movable object which supports an actuation needle 
displaces geometrically with the kinetic energy from an actuator. Thereby, extraction of a cell, separation, 
suction, a stimulus, etc. can be performed using a micropipette, a needle, etc., and the mechanism of a cell 
can be analyzed. 

[0003] In this micromanipulator, quick coarse adjustment actuation the bottom of the microscopic field or 
out of the microscopic field and precise jogging actuation required for detailed actuation of the specimen 
are required of an actuation needle. For this reason, invention which controls migration of an actuation 
needle by the jog is indicated by JP,9-281404,A. In this invention, sequential connection of a speed-control 
means and the drive control means is made, and an actuation needle is moved to a jog by the drive control 
means, and if an actuation needle performs coarse adjustment actuation with big movement magnitude and 
rotates a jog slowly by rotating a jog quickly, it will change so that small jogging actuation of movement 
magnitude may be performed. Or a coarse adjustment and jogging are changed with a push-button SW. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in speed control indicated by JP,9-281404,A, since 
the operator has changed the rotational speed or push-button SW ** of a jog, if change actuation is not only 
troublesome, but an operation mistake is performed, the specimen and an actuation needle are damaged or 
it has the problem to destroy. 

[0005] This invention is made in consideration of such a conventional trouble, and while making change 
actuation by the operator unnecessary by carrying out regulating automatically [ for the purpose of the 
passing speed of an actuation needle ], it aims at offering the micromanipulator which can prevent damage 
on the specimen or an actuation needle. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of claim 1 In 
the micromanipulator which carries out detailed actuation of the specimen under the visual field of a 
microscope using an actuation needle The base material which supports said actuation needle, and an input 
means to input activity, such as the migration direction of said actuation needle, migration length, and 
passing speed, An operating-command means to output a command signal of operation according to the 
activity inputted from the input means, The actuator which changes into the mechanical kinetic energy 
corresponding to said activity the command signal of operation outputted from the operating-command 
means, The movable object to which the variation rate of said base material is geometrically carried out in 
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response to the kinetic ener^^om an actuator, It is characterized by ha\^^^ force detection means to 
detect the force of it being attached in said base material and acting on said actuation needle, and a speed- 
control means to control the passing speed of said actuation needle based on an output for this force 
detection means. 

[0007] In this invention, if activity, such as the migration direction of an actuation needle, is inputted from 
an input means, AKUCHIEETAHE sending out of the command signal of operation according to that 
activity will be carried out. This command signal of operation is changed into movement ENENOREGI by 
the actuator, and is supplied to a movable object. Consequently, an actuation needle moves as the directed 
activity. Since the base material which supports an actuation needle is equipped with the force detection 
means at this time, if an actuation needle contacts a cell, that contact force will be detected. A speed-control 
means can ask for passing speed with the optimal actuation needle based on the magnitude of contact force, 
consequently can control the speed in an actuation needle. 

[0008] Invention of claim 2 is invention according to claim 1 , and said speed-control means is 
characterized by having an integral means to give the acceleration judging of the passing speed of said 
actuation needle, and a differential means to give the moderation judging of the passing speed of said 
actuation needle. 

[0009] Since the speed-control means is equipped with a differential means to give a moderation judging, 
and an integral means to give an acceleration judging, an actuation needle slows down and is 
[ acceleration ] controllable by this invention. 

[0010] In the micromanipulator with which invention of claim 3 carries out detailed actuation of the 
specimen under the visual field of a microscope using an actuation needle The base material which 
supports said actuation needle, and an input means to input activity, such as the migration direction of said 
actuation needle, migration length, and passing speed, An operating-command means to output a command 
signal of operation according to the activity inputted from the input means, The actuator which changes 
into the mechanical kinetic energy corresponding to said activity the command signal of operation 
outputted from the operating-command means, The movable object to which the variation rate of said base 
material is geometrically carried out in response to the kinetic energy from an actuator, The jogging 
actuator which changes into mechanical kinetic energy smaller than said actuator the command signal of 
operation outputted from the operating-command means while corresponding to said activity, The jogging 
good dynamic body to which the jogging variation rate of said base material is geometrically carried out in 
response to the kinetic energy from a jogging actuator, It is characterized by having a force detection means 
to detect the force of it being attached in said base material and acting on said actuation needle, and a 
selection means to choose one of said actuators and jogging actuators based on the detection value from 
this force detection means, and to supply said command signal of operation. 

[001 1] In this invention, if activity, such as the migration direction of an actuation needle, is inputted from 
an input means, the command signal of operation according to that activity will be supplied to a selection 
means. Based on the output of a force detection means by which the selection means was formed in the 
base material, it judges which is more suitable for actuation of an actuation needle between jogging and a 
coarse adjustment, and the sending-out place of a command signal of operation is chosen. When it is 
judged that a coarse adjustment is suitable, AKUCHUETAHE sending out of the command signal of 
operation is carried out. The sent-out command signal of operation is changed into kinetic energy by the 
actuator, and is supplied to a movable object. Thereby, an actuation needle carries out coarse adjustment 
migration as the directed activity. On the other hand, when it is judged that jogging is appropriate, jogging 
AKUCHUETAHE sending out of the command signal of operation is carried out. This command signal of 
operation is changed into small kinetic energy by the jogging actuator, and is supplied to a jogging good 
dynamic body. Thereby, an actuation needle carries out jogging migration along with the directed activity. 
Therefore, in this invention, control which changes jogging and the coarse adjustment of an actuation 
needle can be performed. 

[0012] Invention of claim 4 is invention according to claim 3, and said selection means is characterized by 
having an integral means to give the selection judging of said actuator, and a differential means to give the 
selection judging of said jogging actuator. 

[0013] Since the selection means has an integral means to give the selection judging of a coarse adjustment, 
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and a differential means to ^^the selection judging of jogging, the chai^^f jogging of an actuation 

needle and a coarse adjustment is certainly controllable by this invention. 

[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation illustrating this invention explains 
concretely. In addition, the same element attaches the same sign and makes it have corresponded in the 
gestalt of each operation. 

[0015] (Gestalt 1 of operation) Draw ing 1 shows the micromanipulator of the gestalt 1 of operation of this 
invention, a control circuit 1 1 is connected to a control unit 10, the XYZ stage 12 is connected to the 
control circuit 11, and the holder 13 is attached in the XYZ stage 12. A force sensor 14 is attached in a 
holder 13, and the actuation needle 14 is supported by the force sensor 14. This actuation needle 14 
contacts the biological materials 15, such as a cell which is the analyte prepared on the sample base 16. 
Moreover, a detector 18 is connected to a force sensor 14, and the judgment circuit 19 is connected to the 
detector 18. The judgment circuit 19 is equipped with OR circuit 19e mentioned later, and is connected to 
the adjustable gain amplifier 20 with which this OR circuit 19e was inserted between the control unit 10 
and the control circuit 1 1 . 

[0016] The actuation needle 14 consists of a probe in which the tip was radicalized in order to add detailed 
actuation to a biological material 15. Moreover, the actuation needle 14 may be a needle, a micropipette, 
etc. which consist of a glass electrode. 

[0017] A holder 13 moves to 3 shaft orientations of XYZ by constituting a movable object and being 
attached in the XYZ stage 12. 

[0018] As for a control unit 10, activity, such as the migration direction of the actuation needle 14, a 
migration location, and passing speed, is inputted by the operator. And the inputted activity is changed into 
a command signal of operation, and it outputs to a control circuit 1 1 and the adjustable gain amplifier 20. 
Therefore, a control unit 1 0 constitutes an operating-command means to output an input means to input the 
activity of the actuation needle 14, and the inputted activity, as a command signal of operation. In this case, 
the command signal Pxyz of operation about the migration direction or a migration location is outputted to 
a control circuit 1 1 , and the command signal Vxyz of operation about passing speed is outputted to the 
adjustable gain amplifier 20. In addition, in a control unit 10, while activity is inputted, ON signal is 
outputted, and an OFF signal is outputted except it. It is constituted by a joy stick, a trackball, or the 
keyboard as this control unit 10. 

[0019] The adjustable gain amplifier 20 changes the gain of the command signal Vxyz of operation 
outputted from a control unit 10 according to directions of the judgment circuit 19 mentioned later. That is, 
when U signal later mentioned from the judgment circuit 19 is outputted, gain is set up 1 time (actual size), 
and when D signal later mentioned from the judgment circuit 19 is outputted, gain is set as 1 / 100 - 1/1000. 
In addition, as for these gain set points, changing according to an application is desirable. And the 
adjustable gain amplifier 20 outputs Vxyz changed according to the set-up gain to a control circuit 11. 
[0020] A control circuit 1 1 controls the XYZ stage 12 so that the tip of the actuation needle 14 operates a 
request according to the command signal Pxyz of operation about the migration direction and migration 
location which are outputted from a control unit 10, and the output signal (gain xVxyz) from the adjustable 
gain amplifier 20. As this control system, the position sensor which detects the location of open loop 
control or the actuation needle 14 may be prepared, and you may be whichever of the feedback control 
based on that sensor. 

[0021] The XYZ stage 12 moves a holder 13 to 3 shaft orientations of XYZ according to the output from a 
control circuit 11. Thereby, the actuation needle 14 moves to 3 shaft orientations of XYZ. Therefore, a 
control circuit 1 1 and the XYZ stage 12 act as an actuator changed into the mechanical kinetic energy 
corresponding to the activity of the actuation needle 14. 

[0022] A force sensor 17 detects the force of acting on the actuation needle 14 while supporting the 
actuation needle 14, after having been supported by the holder 13. It is constituted by the strain gage from 
which it is prepared in ****** and ****** and resistance changes as a force sensor 17 according to 
distortion. As this force sensor 17, it is desirable that the force of not only one shaft but biaxial or 3 shaft 
orientations is detectable. Moreover, as a force sensor 17, the sense-of-force sensor indicated by JP,9- 
2576 12, A may be used. 
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[0023] A detector 18 is out^fcd to the judgment circuit 19 by making tl^(mount of resistance value 
changes by distortion of a force sensor 17 into an electrical signal. It detects distortion of the direction of X 
of a force sensor 17, and this detector 18 detects distortion of X detector 18x which output that electrical 
signal Fcx to the judgment circuit 19, and the direction of Y of a force sensor 17, and distortion of Y 
detector 18y which outputs that electrical signal Fey to the judgment circuit 19, and the Z direction of a 
force sensor 17 is detected, and it is constituted by Z detector 18z which outputs that electrical signal Fez to 
the judgment circuit 19. In addition, by the following explanation, the electrical signal which named 
generically electrical signals Fcx, Fey, and Fez is indicated to be Fc. 

[0024] The judgment circuit 19 is equipped with the judgment circuit to each direction of three shafts of 
XYZ. That is, the judgment circuit 19 is equipped with X judging circuit 19x into which an electrical signal 
Fcx is inputted from X detector 18x, Y judging circuit 19y into which an electrical signal Fey is inputted 
from Y detector 18y, and Z judging circuit 19z into which an electrical signal Fez is inputted from Z 
detector 18z. These judgment circuits 19x, 19y, and 19z supervise the electrical signals Fcx, Fey, and Fez 
from each detectors 18x, 18y, and 18z, and it judges whether electrical signals Fcx, Fey, and Fez (electrical 
signal Fc) are over predetermined level. 

[0025] Dr awing 2 shows the configuration inside each judgment circuit 19x, 19y, and 19z, and each 
judgment circuit 19x, 19y, and 19z has absolute-value circuit 19a, differential judging circuit 19b, 
proportionality judging circuit 19c, and 19d of integral judging circuits. The judgment circuit 19 has further 
OR circuit 19e into which the these whole circuit signal of a from is inputted, namely, OR circuit 19e — 
differential judging circuit 19b of X judging circuit 19x, proportionality judging circuit 19c, and 19d of 
integral judging circuits — respectively — ** — differential judging circuit 19b of Y judging circuit 19y, 
proportionality judging circuit 19c, and 19d of integral judging circuits — respectively — ** — differential 
judging circuit 19b of Z judging circuit 19z, proportionality judging circuit 19c, and 19d of integral judging 
circuits — respectively — ** — since — [0026] into which a signal is inputted It detects whether absolute- 
value circuit 19a computes the absolute value of an electrical signal Fc, and the electrical signal Fc inputted 
it regardless of the positive/negative of distortion of an electrical signal Fc, i.e., the direction [ force 
sensor / 17 ]. 

[0027] Differential judging circuit 19b computes the differential value of the output of absolute-value 
circuit 19a, and functions as a comparator which judges whether the differential value is over 
predetermined level. In this case, in the usual condition that the differential value is not over predetermined 
level, "0" is outputted, and when a differential value exceeds predetermined level, "1" is outputted. In 
addition, the rate gain of differential judging circuit 19b is set up based on the property of a biological 
material 1 5 or the whole equipment. 

[0028] Proportionality judging circuit 19c computes the proportionality value of the output of absolute- 
value circuit 19a, and it judges whether the proportionality value is over predetermined level. And in the 
usual condition that this proportionality value is not over predetermined level, when "0" is outputted and a 
proportionality value exceeds predetermined level, "1" is outputted. Also about the proportional gain of this 
proportionality judging circuit 19c, it is set up based on the property of a biological material 15 or the 
whole equipment. 

[0029] 19d of integral judging circuits computes the integral value of the output of absolute- value circuit 
19a, and it judges whether the integral value is over predetermined level. And in the usual condition that 
the integral value is not over predetermined level, M 0" is outputted, and when an integral value exceeds 
predetermined level, "1" is outputted. Moreover, if ON signal is outputted from a control unit 10 as shown 
in drawing 2 , integral control action will serve as ON, and if an OFF signal is outputted from a control unit 
10, integral control action will be turned off (HOLD status) in 19d of integral judging circuits. In addition, 
the integral gain of 19d of integral judging circuits is set up based on the property of a biological material 
1 5 or the whole equipment. 

[0030] In the above differential judging circuit 19b, proportionality judging circuit 19c, and 19d of integral 
judging circuits, each comparison level can be set up now according to an individual, and the electric noise 
and mechanism-noise of the whole equipment can determine it. Therefore, it can be set as a slightly bigger 
value than a noise level so that the above judgment circuits 19b, 19c, and 19d may operate neither by the 
electric noise nor the mechanism-noise. 
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[0031] OR circuit 19e is a l^^al circuit which calculates OR from the ot^rt of differential judging circuit 
19b, proportionality judging circuit 19c, and 19d of integral judging circuits. In this OR circuitl9e, when 
any one of the outputs of differential judging circuit 19b, proportionality judging circuit 19c, and 19d of 
integral judging circuits outputs "1", "1" is outputted. Hereafter, OR circuit 19e outputs, namely, "0" 
signals which the judgment circuit 19 outputs are indicated to be U signals, and "1 H signal is indicated to be 
D signal. This U and D signal are outputted to the adjustable gain amplifier 20. 

[0032] Next, actuation of the gestalt of this operation is explained. In the initial state according to which the 
actuation needle 14 does not touch a biological material 15, since distortion does not arise in a force sensor 
17, the electrical signal Fc outputted from a detector 18 is "0." In the judgment circuit 19, it judges that an 
electrical signal Fc is "0", and U signal is outputted to the adjustable gain amplifier 20. With the adjustable 
gain amplifier 20, gain is set as actual size (xl) with inputted U signal. 

[0033] In this initial state, if the location and passing speed which should operate a control unit 10 and the 
actuation needle 14 should move are directed, the command signal Pxyz of operation according to those 
directions will be outputted to a control circuit 11, and the command signal Vxyz of operation will be 
outputted to the adjustable gain amplifier 20. With the adjustable gain amplifier 20, gain is xl. It is set up 
and inputted Vxyz is outputted to a control circuit 1 1 as it is. 

[0034] In a control circuit 11, the control signal which generated and generated the control signal based on 
the inputted command signal of operation is supplied to the XYZ stage 12. On the XYZ stage 12, the tip of 
the actuation needle 14 is moved to a desired location at the rate of a request according to the inputted 
control signal. And the actuation needle 14 contacts a biological material 15 by this actuation. 
[0035] After the actuation needle 14 has contacted the biological material 15, in order that contact force 
may act on the actuation needle 14, distortion arises in a force sensor 17. This distortion is changed into an 
electrical signal Fc by the detector 18, and is outputted to the judgment circuit 19 by it. In the judgment 
circuit 19, while calculating the absolute value of an electrical signal Fc, the differential value, a 
proportionality value, and an integral value are computed, and these values are compared with 
predetermined judgment level (threshold), respectively. 

[0036] Drawing 3 shows the timing chart at the time of detecting distortion of a Z direction among 3 
****** detectors of XYZ. In these drawings, Range A the condition that the actuation needle 14 began to 
contact a biological material 15 Range B the condition of having moved the actuation needle 14 in the XY 
direction, with the biological material 15 contacted Range D is pulled by the biological material 15 and 
Range C shows the condition of having separated from the biological material 15 after that, respectively, 
when the actuation needle 14 adheres the condition of having begun to separate the actuation needle 14 
from the contact condition with a biological material 15 to a biological material 15. Absolute- value circuit 
19a continues the output of a signal during these actuation. 

[0037] A differential value becomes the beginning more than with judgment level (threshold) among the 
differential value mentioned above, a proportionality value, and an integral value. Differential judging 
circuit 19b is because a more nearly high-speed signal (for example, standup part of the signal Fc of the 
moment the actuation needle 14 contacted the biological material 15) has higher gain. For this reason, 
differential judging circuit 19b is the circuit which was most suitable for performing the contact judging in 
the beginning. 

[0038] Later than this differential value, a proportionality value becomes more than judgment level 
(threshold). Proportionality judging circuit 19c is for compensating the fault of the differential value of 
"becoming the Koide force immediately although it becomes high power in the standup part of Signal Fc", 
and has the operation which performs a bond to the integral judging mentioned later. 
[0039] And an integral value becomes the last more than with judgment level (threshold). An integral 
judging prevents judgment that the actuation needle 14 is non-contact, in the condition that distortion of a 
force sensor 17 is "0", although the actuation needle 14 touches the biological material 15. That is, even if a 
force sensor 17 is momentarily set to "0", the output of 19d of integral judging circuits is not immediately 
set to "0", but the output of 19d of integral judging circuits is set to "0" between fixed time amount (integral 
gain, i.e., a time constant) only after distortion of a force sensor 17 is set to "0." Since it is such, it is the 
means which was most suitable for an integral judging performing "a non-contact judging." 
[0040] If a differential value exceeds judgment level first as mentioned above, from the judgment circuit 
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19, D signal will be outputt^ft the moment. And with the adjustable ga^^iplifier 20, gain is set to or 
less xl / 100 in response to D signal. Thereby, migration of the actuation needle 14 becomes xl / 100 or 
less jogging rate. 

[0041] With the gestalt of such operation, when the actuation needle 14 contacts a biological material 15, 
the passing speed of the actuation needle 14 is slowed down automatically. Moreover, since the differential 
judging of the judgment circuit 19 detects a contact condition in an instant, damage on the actuation needle 
14 and a biological material 15 can be prevented. Furthermore, although the actuation needle 14 touches 
the biological material 15 in order that, as for an integral judging, distortion of a force sensor 17 may 
perform a non-contact judging only after it becomes fixed time amount "0", passing speed is not 
accelerated even if distortion of a force sensor 17 is set to "0." For this reason, damage on the actuation 
needle 14 and a biological material 15 can be prevented. 

[0042] (Gestalt 2 of operation) Drawing 4 shows the gestalt 2 of operation of this invention. With the 
gestalt of this operation, the XYZ jogging stage 22 is attached in the movable object 13, a force sensor 17 is 
attached in this XYZ jogging stage 22, and the actuation needle 14 is attached in the force sensor 17. 
Moreover, while the jogging control circuit 23 is connected to the XYZ jogging stage 22, the switching 
circuit 24 is connected to the jogging control circuit 23. 

[0043] The XYZ jogging stage 22 makes the shaft orientations of XYZ carry out jogging actuation of the 
actuation needle 14, and constitutes a jogging good dynamic body. 

[0044] The jogging control circuit 23 controls the XYZ jogging stage 21 so that the tip of the actuation 
needle 14 performs desired jogging actuation according to the command signal Pxyz of operation about the 
migration direction outputted from a control unit 10, and the command signal Vxyz of operation about 
passing speed. That is, by multiplying by predetermined gain (1 / 100 - 1/1000) to the command signal 
Vxyz of operation, this jogging control circuit 23 is controlled so that the tip of the actuation needle 14 
performs moderation actuation, and it constitutes a jogging actuator. 

[0045] The switching circuit 24 constitutes a selection means to choose either a control circuit 11 or the 
jogging control circuit 23. This switching circuit 24 is supplied to the control circuit 1 1 or the jogging 
control circuit 21 which chose the command signals Pxyz and Vxyz of operation outputted from a control 
unit 10. In a switching circuit 23, if U signal is outputted from the judgment circuit 19, Switch a will be 
chosen, and if D signal is outputted from the judgment circuit 19, Switch b will be chosen. 
[0046] Furthermore, in addition to the same control as the gestalt 1 of operation, in the control circuit 1 1 of 
the gestalt of this operation, it has the hold facility which maintains the condition of the XYZ stage 12 the 
moment the input broke off (namely, the moment of switching from the switch a of a switching circuit 24 
to Switch b). 

[0047] Thus, with the gestalt of the constituted operation, the XYZ jogging stage 22, the jogging control 
circuit 23, and a switching circuit 24 can perform the moderation function of the adjustable gain amplifier 
20 in the gestalt 1 of operation. In addition, there is a merit which can make the actuation needle 14 move 
slightly further compared with the gestalt 1 of operation by having the high resolution XYZ jogging stage 
22. 

[0048] in addition, the thing made to move slightly only the shaft which the detector outputted although 
actuation of all the shafts of the XYZ stage 12 is made to move slightly with the gestalt of the above 
operation when either of the detectors of the three directions of XYZ outputs an electrical signal Fc — 
constituting like is also possible. 
[0049] 

[Effect of the Invention] In order according to invention of claim 1 to detect the contact force and to adjust 
passing speed with the optimal actuation needle automatically based on the magnitude of contact force, if 
an actuation needle contacts a cell as explained above, while change actuation of passing speed becomes 
unnecessary, it can prevent that the specimen and an actuation needle are damaged. 
[0050] Since it has a differential means to give a moderation judging, and an integral means to give an 
acceleration judging according to invention of claim 2, moderation and acceleration control of an actuation 
needle can be ensured. 

[0051] In order to move an actuation needle slightly automatically by the jogging actuator and the jogging 
control circuit, while change actuation of jogging becomes unnecessary according to invention of claim 3, 
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it can prevent that the speciHRTand an actuation needle are damaged. 
[0052] According to invention of claim 4, the change of jogging of an actuation needle and a coarse 
adjustment is certainly controllable. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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Lfc««MfcS»x*;M£- KSC«T* 7 * io 

tin** 2] mftm&fflw^mz. ttft®ft&v®W} 20 

fr*»*?S 1 IB^CDT'T * DY- tf 3 

£tB2rra»m»«¥at» 30 
#tc*f^ b/t««««cjiftx^;i/^- fcaem-r * 7 * ^ 

»«s*f 6 Hi * * nfcft^ffi^d # & AOBIbflsn 

^iCttJ&T&t^CmJffiT^^X-* <k 0 fc/JvSfc« 
«Wttil»x^;^-icSE»T«ai!i7^^j.x-^ 

attT^^iX-^^soaftx^u^-ss^Tfliie 40 
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[ft91«!>flfll&K9J] 
[0 0 0 1] 

[0 0 0 2) 

[&#©&«] 3t*»«n©«ia««iUTOT-f^D 

3 4 2 1 2 l*ftffCCflt3n«J:3£. Atl^mfrb 

fpa^Rjwaau 7^?3x-^3jtco»fp»^« 
^^stJv»T««Mft3iftx^;^-c3ea-r *. * l 

»x*;i/^-fc,fcoT^¥WK:X'tt-r*. cftfcJ: 

[0 0 0 3] !j^5?'f^nYr(fal/-!5'TH ^® 

a«gTrtwroaatt»ft^©*^ aa»fe. fc, * 

*$n-5. £©fc«>. #1? 9 - 2 8 1 4 0 4 Affile 

a»«ia¥a&M&aau B»«d»^afc«toT»^ 

tf*^»)$-B--5> ! &©-C$>0, v 3 He^it&C 

^^t$o < o@fiStt*t»»*©/h3&a»»te*fT 

^>SWfcJ:»3a»ta»*«JO#A-SJ:5fc»:oT^ 
[0 0 0 4] 

-2 8 1 4 0 4-^&ffilCffia£nTV>-52fl^Jffl|-C , te, 

afe## y a ^© meaa ifctet?#*>sw££$)9 

[0 0 0 5] #«W4£©J:-5frra#©HHj«£#«U 

-c g uttj:?). ®ft%iz£%v)K>W7L®tt 

zTFwt-rztmz. «a«^>»f^ft-oa«si&±r4 

[0 0 0 6] 

[^gi^j»^r^fc*©^a] ±iEiw*aisr*fc 




( 3 ) 



3 

^x. mEts^«nfes»-r*^j*#i. mmmtt&<D& 
a»a«*a»aaa<a»f£rt«aAa-r*A' 

suaanfcafe»*«aaaE»fert*fc**j6Lfc« 
aWfcaax^i^-fcaa-raT^ax-^t. 7 

at-r*. 

[0 0 0 7] ^05fiMKftV»T. mft&o&mjjfa&o 
©l&f^ft^-d-^ttT^^iX— ^(CiDjlftx*/ tx^ 

-tc^m^n, Bj»#:^ftissn*. ^©m*, aaa 

*x»-r*3aw*»4**uj¥»*iiATv>*oT, afp 20 
aft*aacattr«&. -toaakatfawsn*. a* 

[0 0 0 8] a#a2©B9itt. n^fl 1 GftOfinT 

aaaasa-raa-^at. *mm#«a>*mm&<Dm 
*. 

[0 0 0 9] £©«aTtt. a&Maaarttttatt&a 30 

©t, afeaaaa&tfaawat-aiiitfT**. 

[0 0 10] tt*a3©5SWt ^a&OtlifTxa^ 
$H-£<£ffl UT**»**M*f^r* V-f * D7= tf a. U 

fpw-oiwb^Ri. »aa«-<>»»»«a©»f£rt*SA 

*i;T»ffs*«^*ta*-r*ftfpJi^at. area 
a¥B#&fflasnfc»a»aaaawE»ai*j«fc» 

« Lfc««»fcMfcx*;p*-fc*aT« 7 * 5Pa x- 40 
^t. 7£^:xX— ^^©aax^l/^-^gttXffl 

-5 <h * I' WE 7 0 a X- 9 «fc 0 t> /J\ £ ftftttttftjElb 
^aX-^tai^^aX-^if^^-^fcii 50 
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JRLTttBIMtMf*«a*«*-r**R*gl:fc. *a^t 
[0 0 11] C<DftWV\t, «ft*KD»ft;frfa*©afe 

fc»^»*aa*«iR*afcft»an*. savants: 
j#*icatt6nfc*auj*a©iij*K:»^viT. 

©»fma»<fcfi»©£*&jW^a»*aWrU MAMf 
❖aaroatBfcaafc-r*. a»^a«)T*-5t*ijab 

fe*^. afea^aattT'^a.x-^amsn*. 
am * nfcftf^a^aajiT * ^ a x- 9 \z «t 0 sax 
*;i^-fc«asn. aafl^aasn*. ^niccko 
»fpa«a*b&»^rt«£at)«ca»a»-r*. 
«»*«a«)T**a:*iiaLfc»^. aff*a*a*f2a» 
T-^ax-^atBsn*. £©»mt^aatta» 

T'^aX-^fciO/hSfcaax^l/^-fcaas 

n, a»"ia#^a»sn*. jmtj;o»fpatta* 

Ufc»ft5rt*KaoTa»»»f*. fiEoX. £©%BJ 

xra, «f^aoa«at«ea*ao»A*«i»*ff5c 

[0 0 12] H#3t4©fgBjte. »*5 3Ei©»S? 
*t>T, WBSiR^ate. aE7£^a.x-*©aa*iJ 

asa-ras^a*, i»Eftt7i'fai-i'oiRtii 
ssarafl^a t s a l t v> -5 c t t -r* . 
[0013] ^©fgiTtt, aa^atfanoaaaa 
sara^a*, aaoaaaasa-raa-^Rfca 

[0 0 14] 

[aaoaaoaai bit. #»asBs-r*aa©» 
»cj:o*#wi:KMn. te*5. aaa®aaizav» 
t. a— oaaara— ©«Faa#bT»i6$*T»*. 

[0015] (aaoaa 1 ) a 1 tt*»a©aa0a 
^i©^"ri7Px'-hfiix-^^^L, af^aiokia 
nam i#anisn, aaaai itxYz^f-y 

1 2;5<a^nT*5 0, XYZXf-y 1 2 {CsfUU^ 1 

3^ao#ttenxii«. *;u^i 3ic«*-fe>-y-i a 
^oftwen. *j-t>-tu 4icafea i 4atj»sn 
x^-s. ci©af^ai 4»4aaai 6±fc»»te>nfc« 

ORIHSgl 9 e^ti^X*3f3. dOORHIS§ 1 9 e 

ot^ijwiHissi i t®M»c»As*ifc?iay-f > 
7>^2 ofcaasnx^s. 
[ooi6] »Mi 4tt£»KAi 5»caa^af^^ 
iD**fc», aa«taittftdti^aa^&a:«. x, a 
f^a i 4«^7^aa*^^tsx-H;i/^>-7'ri?Dtf^ 

•> h&ifXa&^X'bAi^i. 

[0 0 17] ^;U^1 3»4?ia#*«J«-r*'b©T* 
0. XYZXf-/ 1 2tcfxO#Wen-5Ct(C,J;0. 




XYZ03 ffc^ffiJlC^Srr^o 
[0 0 18] fitful 0«»f^#KJ:-3T»fPfl-l 4© 

bki i taau fMMfc*K:HT<a«iftt&*«*vx io 
y z^pj^y-r >y>^2 ofctna-r*. a*. ^» 

1 OTH, IMErt*#Aa3nT^*MttON«#&tH 

-c-n£wi>ttoFF«**a*-r*. coafpffli 
[0019] nisEy-f >7>^2 o BflUfi-rsHfiiaB 

#. y-r>*i« w«) kihbu *flsia»i9*6 20 
aj6-r*D«^««ta*$n&i:€r. y>r>«i/ioo 
~i/i o o otcsa^r-s. cn&cDy-ois^ 

ffittJB&iafcbT&M-r*>£.i:aW3; bl/>. -^bTnJ^ 
x y z SrHSHSPESS 1 1 lcm^T-2>. 

[0020] rnwm&i i b. ntf^flsi ofr&uijzti 
izjtpi^y-r >T>y2 o^e.cDdi*m# (y-r>xv 

x y z ) OSbT^if 1 4 ©ft«#ffiS©»f££fT5 
i3XYZXr-yi 2S#Jfp-r*. COftlW^iCib 30 
Ttt. *-^>WM|»SUtt«fflH 40Mt 

[0 0 2 1] XYZXt->*1 2 ttf&Jffl|gS& 1 lfr£© 
tii^lCfcT, tVlPl 3 $:XYZ©3tt*rR]{C^ib$ 
rtltcfcO^ftl 4jJiXYZCD3tt^|fi]^»j 

T-s. eecT. MniaB&i i&lk'xyzx-t— vi 2 
-s. 7 f? y a x— ^ t bTfEffl-f-s. 

[0 0 2 2] *-fe>+)"l 7ti*:juyi 3('^}#$nfcW 40 
ffiTtlkflsfl- 1 4 S&ft-TS Af^tl- 1 4 Icf^ffl-T 

tt. lMtcfss-r. 2wst^tt3tt^(pjo^<£^tbT# 

9 -2 5 7 6 1 2^«l:EiStlfc**t>*S]liVi 
Tt>JHt». 

[0 0 2 3] ttttlS 1 8tt*j-t>-tf- 1 7<D&frKL*.Z1& 
triffi©&fbS£^(l #<t LT*IJJ£I3IS 1 9 CtU^T 50 
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So £©&ajl§l 8tt#ir>y l 7©X;£p5]©^£;& 
fflU -ecDm^lf^-Fc x^fiJ^lElSSl 9lZ&t>lT2>X 
*fflSl8xi. ^-fe>y 1 7©Y#p5]©^£&£b 
b. *©*»«*Fcy*Wj£|ll(&l 9Ktb2rr*Y« 
ttJ8Sl8yt, 2j-fe>+H 7 (DZJsfaomfr&mmL, 
fOtiWItF c z ^W^IslSS 1 9 KttJ*T* Z&£B§§ 
1 8 z tCioTM^nTl-^. ftii, J£rF©tft9lT 
tt, I^Fcx, FcyWFczWlfclg 

ft^^F c tasR-r*. 

[0024] «3eiHi^i 9ttXYzo3iOTn-en© 

#ft^©¥iJ5tlEl88£{f*_T^-2u Tfcfe*. tt£EH&l 
9ttX&itl3gl 8 x*^lM^Fc x#A#$n*X 
*iJ3t0SS 19xt, Y&ttjgg 1 8 y^eilfl^F c y 
**A**n*YW^|Hlttl 9 y <h, Z&tB3§18z/^£> 
mmft-^F c z^A^^n^ZflJ^lHlifgl 9 z <k£{i>L 
TV^. Z\n$(DW£®&l 9 x. 19y, 19zll§ 
&ttS2§ 1 8 x , 18y, 18z*?, ©HSUf-§- Fcx, 
Fey, Fcz£g#ib, t^Fcx, Fey, F 
cz (@SMi-StF c) ^^©b^JI/SgATU-S^S 

[0 0 2 5] El 2 «-€-n^*n«*lJSlH)gS 1 9 x, 19 

y, i 9 z©rt6B©#tj*£^cu -E-n-eno^iiigs 1 

9x, 19y, 1 9 z tt*ft*fffi|I]8& 1 9 a . 

S§ 1 9 b. J±WiJ£[e]S& 1 9 c &tf*«-«j£iatt 1 9 d 

**i/T^5. wjeiswsi 9»4ssic, ;in<=>©ieiss© 

^^SCOfS^A^SnsORlHlBSl 9 e£*TbTV> 
•S. "f ORIslS§19ett. XfiJ^|El8S 1 9 x © 

mftWEEMi 9 b, itmnfemm 1 9 csi;«»«^ 

E8S1 9 dCfn^tli, YWJtElKl 9 y©$MHsiJj£ 
@3S 1 9 b, ltmnfe®& 19c R(^«^*IJ^|5IK 1 9 

d o-en^nt, z *ij«iass 1 9 z ©a^mi^isis 1 9 
b . itmmm®^ 1 9 c RztmttWfe®& 1 9 d ©-^n 
?n t ft*t> mm* a t> s n s 

[0 0 2 6] *6*HIIh1SS 1 9 a F c ©iS6*HI 

*^tB-r-5fc©T-*0, Hf#F cOIEft. fftt>t> 
ij±>-*y 1 7©5*©*|^lfc»tM«fc«*«^Fc*tA 

*bfca>§a>£&tii-r-5. 

[0 0 2 7] «»«^|pIgS 1 9 b tt«5»ffl08S 1 9 a © 

AT^*a>sa>£«wr*Jttt»£bT«f)g-r*. ci© 

Ttt, roj j&«a*$n. «»«**3f€ou^;p*ia^. 
fct^tc r i j ^ai^ns. a»wfisisi 9 

b ©?S#y-f >tt^#:|it» 1 5 ^»fi«^#©4*ttfcStJ 
[0 0 2 8] ttWIW^EK 1 9 c tt*6*fMlHlSS 1 9 a © 

mtKDitmm^tii b. ^©tt^M^ms© 
©u^;i/$r@x.Tv^«cnii^©tic^T'tt roj 
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-So 

[0 0 2 9] «#*ij£0?8 1 9 d »Mft*iaB 19aO 
ATt>**53fl»*«(ST*. *bT, «MHia*»rJ£©U 

ft, «#ffi#jffie©U'' , ?;u*8*.&»£K: ru *ta* 
oNtfto, 0j^6OFF«#3&»m**n* 

<h, 1»1TOFF (tf-JH«tt»> left*. 7^*3, 

w»*ij^0ss 1 9 d ©«#y-f 1 5 

[0030] £A±©«»w^iiitt 1 9 b, wnmsmm 
i9c, ai^neEiKi 9dtinx, -tn-^no tt« 

©tt^y -f x^y a -r xtcic. Tft^r«> c tat* 

6Ub©«JEEI»l 9 b, 19 c, 19d^»U^J; 20 

■5 tc. y-r xu^ji/«t o bmfrizjzzttmizmfe-rz z. 

[0 0 3 1] OR08S1 9 e te«&#*iJs£|E]8S 1 9 b, it 

wwjeiaBi 9 csw;«^«^ihis§i 9 d otb^tc*ru 

TOR£;£«e>-5av 5 y^|5]S§T'&5., CC0ORIHISS19 
eTIl aSMajfcEW&l 9 b, JteWU^ESS 1 9c. I 

»wjtig»i 9 d®ai*ort. v»rn*»— "pjj* ru * 
DiAnuiicj;!) r i j *ffl*-r«. wt. orihiss 
i 9 e*»w*t«. r*cfc-6*iJ3eiHFtti 9a*taa?-a 

ro J ff^SrUm-StifcttU r l j *f^£D[I^<i:I3 30 

^£ft5„ 

[0 0 3 2] C0m®»tt0(Mb£R9i-r«. 
»f^tU 4#£#g#|SU 5K««bT^&V**B)Btt»"C 
tt. »-fe>*l 7fctt2*tfi±i;fcHfca. ^m§§l 8 
j&>Stti*j£ftS«^HI-fiF ctt r 0 J WSSEBS 
1 9T11 t«ffl*Fc*i roj T**C££*U»rU 

7>X2 OTttArtaftfcU«^fcJ:oT, y<>£^ 
fg (XI) ICg^TS. 40 
[0 0 3 3] COHJBWiCi^T. MMMSl 0€r*f£ 

ssi nctB^^n, »fp»*«*vxy 8 3ft«?iay-f> 
7>X2 o»caj*sft*. pr^yw>7>X2 om 

-to* SMBBftl IKttiaSft*. 

[0034] ftmmtti ith xti^nftWi^m^m 

YZ7f-yl 2l:ilgt5. XYZXr-yl2T 50 
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©&@tcmiI©jigTi£l!]!i£-ti--5«> -tbT. z\<DWimz 

«t-9T»f^«U 4#t£#|M*l 5fc»«r*. 

[0 0 3 5] Jftflsfif 1 4 1 5 \Z®te LtzttM 

WFclcXIlStl, *l3tEKH9K:m*Sn*. 

[0 0 3 6] lll3teXYZ©3ttl&£&m8§©rt, Z# 

5fc8^bfca&ttlB*. MlB(ij|Ml4$£#K 
»1 5{CftMbfcS*XY^(6]tC#ffij$-a-fc«Si^, m 
BCMttfttM 4*±#K»i 5 S«b 
*&»6fctt»*. ttHDMOIffWl 4#t»ttU 5tC# 

*#K»i s^&nnfctttsis-tn-^ns-r. £ft?>© 

[0 0 3 7] ±a&bfctt#tt, tk#MRtf«(#M©rt, 

#«5£[eI8&1 9 bttKlftffi^ («Atf, IMPCM 4*» 
£{Wtt»l 5fc»j»LfcPW©fl|#FcOfi-6±*t»3j» 

[0038] z\co^m\zmnxitmm^nmu^)i 

(bSl^M) a±i*t*. ttWPJj£EH» 1 9c« nt^ 

[0039] *lt, *&ktzm&mifiwzi"vv (b* 
i»» w±i&*. a«-««tt»f^«- 1 4 i 
5»c^MbT^s»cfcM*3^T. *-fe>-y-i 7<Dm&W 

ro J (C^CoT^^tt^Wt^tCjif^fU 4**#»«T 

>*i7*»»ibi»ic roj \zf£-otitLXh, mftmfe 
sssi 9 doffi^ttB*.ic r o j -itmm 

r o j ic^-pT«b*T«^i|Mjje@Bsi 9 d©m 
^3*^ ro j t«t*. «»*iJ3£f4 

[0 0 4 0] K±OJ:5Kl/T. «»***««Dfc*iJl6U 
^*iBiiat, t-©PratcfiJ3£[Hl8S 1 9*^«D(f^- 
75<£b2)£n.5. tbT^JS5y-1'>7>X2 OTttDit 
Sr^ttT. y< >£0iJ*.fc£. X l/l 0 ORTlClg^-T 
cmcj;0, flHMtl 4©»»*«x 1/1 0 OfitT 




( 6 ) 



[0 0 4 1] H©±3fc£!S©#l8Ttt. &fmi4# 

»ja**«aftttfc:«iasn*. x. flsnissi 9©m# 

ic, *-fe>*i 7 02»#s-£ttm ro j 

fc3ft- 3 Ttti;ie>T*S5«*iJ^*fT'5fc*. »ffffl-l 4** 

[0 0 4 2] (HS&©^«|2> H4tt*B«ti!>*;l|CD» 
m2^-To d©*K©»«Ttt, RT»#1 3ICXYZ 
IlXf-v2 2#Q&0ttl*Sft. £©XYZ»7;t- 

f-y'2 2 Kutmnrnmrnfi 2 3 a*«M*3n* 

*. 

[0 0 4 3] XYZ»Xr-^2 2 ttMk^ft- 1 4£X 20 
[0 0 4 4] mhUW®'&2 3ti«Ml 0*6ffl*S 

n*»»#flfcw-r*iMe»^flHf p x y z &tf#»j>i 

ft Kl £»jf£fi^{I^ V x y z fcfc UT*fp«- 1 4 CD 

i*«frr*. -r*to-6. ^©?$ift»iiis§2 3ttaf^ 

fl^ff^Vx y z K»bTWJE©y-f > (1/10 0- 

i/i ooo) attiti 4©5fcssi 

[0 0 4 5] y3HIIB&2 4«$iJWIe]SS1 1 XttlKHl 

*jwiHi8§2 3 onfn*>-**3W}t4i«fa*i* 

Sn*»f^»^«fl- P x y z JfelXV x y z Srilifl LfcftJ 
W®gSl lXtt4MHllMflll%2 ltMt*. 7W 
Iel8S2 3X11 fiJ^HSSl 9*6U«§!j«lB*Snst 

[0 0 4 6] £<=>{C. d ©USE CO Jg^CO^Iffll EIS8 1 1 T 40 
[0 0 4 7] £©J:"5fc«j«3ftfc*»©}iM*Ttt. H 
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5 1 lHlgS2 4 »c J: DfT 5 Jit rntciDAT, A 
»M&XYZaii77—/2 2£«*«C£fcJ:D, 

[0 0 4 8] &43, K±OHl©fiTB, XYZC3 
XYZXf-yl 2®iT©tt©ffSiJai$tT 

[0 0 4 9] 
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